juice of rats that had undergone surgery to see if N-nitroso The incidence of esophageal adenocarcinoma is increasing bile acids-a marker for the endogenous formation of nitroso rapidly. In rats, surgically induced duodenoesophageal compounds-were present and (ii) to test the duodenal juice reflux is carcinogenic. One proposed mechanism of carcinofor genotoxicity. genesis is based on the reaction of physiological bile acids with nitrite to produce carcinogenic N-nitroso amides.
Introduction
Unterföhring, Germany) with the help of ICIS 8.1 software (Finnigan MAT).
Immediately before HPLC analysis, the duodenal samples were diluted
The incidence of esophageal adenocarcinoma has risen with aqueous 10% (v/v) acetonitrile (typically 0.1 ml) and centrifuged dramatically in the past 20 years (1) (2) (3) . This disease develops to obtain a clear supernatant. Chromatographic separation for HPLC-MS in a metaplasia-dysplasia-carcinoma sequence from Barrett's analysis was performed on a Eurospher 100 C 18 column (100 mmϫ2.0 mm i.d.; 5 µm diameter; Knauer, Berlin, Germany). Solvent A was 0.05% (v/v) esophagus as a complication of reflux disease (4, 5) . Barrett's trifluoroacetic acid (TFA) in water and solvent B was acetonitrile. For gradient esophagus and esophageal adenocarcinoma are associated with elution the HPLC was programmed as follows: pressurization with 50%
increased exposure of the esophagus to duodenal juice (6) (7) (8) (9) (10) . pneumatically assisted electrospray ionization (ESI), the spray capillary voltage was set to 3.5 kV. The temperature of the heated inlet capillary was 240°C.
Reflux of duodenal juice is a prerequisite for the development Nitrogen served both as sheath (60 psi) and auxiliary gas (10 units replaced by washing out with medium after 4 h; the duodenal juice was left in the culture. Cytochalasin B (5 µg/ml) was added for the time of treatment. This compound prevents cell division after mitosis, resulting in binucleate cells. The analysis of micronucleus frequencies can thus be limited to the actively proliferating cell fraction. The proportion of binucleate cells can serve as an indicator for cytotoxic effects (inhibition of cell proliferation). After 20 h expression time, cells were harvested, placed on glass slides by cytospin centrifugation and fixed with methanol (-20°C, 1 h). To stain nuclei and micronuclei, the slides were incubated in 0.00625% (w/v) acridine orange in Sörensen buffer (67 mmol/L of Na 2 PO 4 /KH 2 PO 4 , pH 6.8), washed twice in Sörensen buffer and mounted in buffer for microscopy. Using a 500ϫ magnification, cells were analyzed for the number of nuclei and micronuclei.
The proportions of cells containing one or two or more nuclei and the proportions of binucleate cells containing micronuclei were determined. Objects were classified as micronuclei if they appeared to be separated from the nucleus/nuclei, were round or oval, had an area of less than quarter of the area of a nucleus and showed staining characteristics similar to those of the nuclei. Results are listed as the mean of two slides from one experiment with at least 1000 cells analyzed for the number of nuclei and with 1000 binucleates analyzed for the presence of micronuclei per slide.
Results
Histological examination revealed severe esophagitis in all as hyperplastic when the squamous epithelium was thickened with normal maturation and hyperkeratosis, or as regenerative compounds demonstrated the lability of the N-nitroso bile acids under study. The absence of N-nitroso-TCA and Nwhen the squamous epithelium showed increased height of lamina propria papillae, basal cell hyperplasia and absence of nitroso-GCA in the animal samples was further substantiated by highly specific selective reaction monitoring experiments hyperkeratosis. Regenerative changes are identical to changes described for reflux esophagitis in humans. There was no (data not shown). Formation of trace amounts of N-nitroso-TCA and N-nitroso-GCA in this esophageal cancer model can columnar lining in the esophagus. In one animal exposed to reflux for 6 weeks, a small (1 mm diameter) tumor was found therefore be excluded. Finally, neutral loss experiments were applied to detect any N-nitroso compound present in the animal at the anastomotic site; this was identical to the mucinous adenocarcinoma described in previous studies (14) (15) (16) (17) .
samples. Again, no nitroso derivatives were detected (data not shown). The maximum volume of the aspirates was 25 µl during surgery and 15 µl at completion of the experiment. Aliquots
The micronucleus assay detected a wide range of toxicity which was measured as a reduction of the number of binucleate of 2-6 µl were used for HPLC or the micronucleus test. The pH of the aspirates was between 6.6 and 7.3.
cells. However, duodenal juice did not induce formation of micronuclei at any of the concentrations tested here. Two HPLC-MS analysis showed the characteristic pattern of bile acid derivatives, with TCA and GCA as the predominant representative experiments are shown here ( Table I) . The results were consistently negative. A previous experiment that conjugates, in all preoperative samples (Figure 2 ) and in the duodenal preparations collected 2 and 6 weeks after surgery did not use cytochalasin B also yielded negative results. Thus we conclude that the duodenal juice obtained before and after (Figure 3, upper chromatogram) . Identification of TCA and GCA was confirmed by comparing the retention times, surgery was not genotoxic in the in vitro micronucleus assay using the described protocol. molecular ions [MϩH] ϩ and characteristic production spectra obtained from the animal samples with data from commercially available reference compounds. Discussion Neither N-nitroso-TCA nor N-nitroso-GCA could be detected in any animal sample ( Figure 3 , bottom chromatoIn this animal study, the observed histological changes induced by reflux of duodenal contents were similar to those gram). It was estimated that the lower limit of detection of N-nitroso-TCA or N-nitroso-GCA would be 0.1% of the signal described in previous studies. Esophagitis developed in all animals and a tumor was observed in one animal after 6 weeks' intensities of the respective bile acids, TCA and GCA. Of note, N-nitroso-TCA and N-nitroso-GCA were reasonably exposure. The experimental conditions were comparable to those in studies that demonstrated reflux-induced carcinostable at -20°C for Ͼ4 in diluted aqueous solution containing 2% (v/v) acetic acid, while the ESI mass spectrum of reference genesis (14-17). The percentage of binucleate cells indicates cytotoxic effects (inhibition of cell proliferation). The number of micronucleus containing cells is a measure of genotoxicity.
Ethyl methane sulfonate and etoposide served as positive controls for micronucleus induction. Duodenal juice concentrations are given as µl/ml cell culture.
The mechanisms accounting for carcinogenesis in this noted here is further evidence that no relevant concentrations of nitroso compounds were present in the tested samples of animal model are not yet clear. One likely explanation concerns the carcinogenic potential of N-nitroso compounds (21). In duodenal juice. Moreover, there were no other components that showed genotoxicity, although a wide range of toxicity addition to supply from dietary and environmental sources, endogenous formation of N-nitroso derivatives has to be taken could have been detected using the amounts of sample applied. This is in accordance with the results of previous studies that into consideration. For example, the chemical nitrosation reaction of bile acids has been reported in the presence of identify bile salts as possible tumor promoters, but not as direct carcinogens (30) . nitrite or nitrite sources (28) . In this study, HPLC-MS analysis demonstrated the absence of N-nitroso bile acid conjugates in Carcinogenesis by duodenogastric reflux has been shown in the rodent model in rats and mice (14) (15) (16) (17) (18) (19) . What were the the animal model. The primary constituents of duodenal juice, TCA and GCA, were found in all samples. N-Nitroso TCA mechanisms of carcinogenesis in this model, if carcinogenic nitroso compounds were absent and the duodenal juice was and N-nitroso-GCA have only moderate mutagenic and carcinogenic potential, as determined by testing them at not genotoxic? On the basis of the available data, we believe that chronic inflammation is likely to be a major factor iñ0.12 mM in Salmonella typhimurium TM677 (23) and after application of 300 mg of these compounds in rats (24) , so it tumor development in this model: The chronic inflammatory process increases oxidative stress (31). Markers for oxidative appears very unlikely that endogenous nitrosation of bile acids contributes to reflux-induced carcinogenesis.
stress have already been documented in human esophagitis (32-34) and in this rat model (35,36). Furthermore, tumor It could be argued that analysis of only two N-nitroso bile acids cannot rule out the presence of other N-nitroso compounds yield was increased in rats receiving iron dextran (50 mg Fe/kg i.p.) (15), an oxidant that augments oxidative stress or the relevance of these substances with regard to the observed carcinogenic effects. However, chemical nitrosation is a non-(31). It has been shown in subsequent studies that iron supplementation enhances inflammation and the production specific reaction, so N-nitroso-TCA and N-nitroso-GCA can serve as marker substances for endogenous nitrosation reactions of reactive oxygen and nitrogen species in the esophageal epithelium (36,37). These processes could contribute to the in general. As no nitroso derivatives were formed from the primary constituents of duodenal samples, TCA and GCA, in development of esophageal adenocarcinoma. The concept of mutagenesis driven by mitogenesis for the induction of these this study, it seems unlikely that other nitroso compounds are formed in this model. This conclusion was further substantiated tumors is further supported by the pattern of p53 mutation in Barrett's carcinoma (38,39). The mutation pattern, with a by neutral loss experiments monitoring the cleavage of NO for detection of any N-nitroso compound present in the animal predominance of G-C→A-T transitions, is similar to the mutations described for in vitro tests mimicking the situation samples. Again, no nitroso derivatives were detected, excluding the presence of substantial amounts of endogenously formed of chronic inflammation (40).
In clinical studies, it has been shown that acid reflux and nitroso compounds.
Previous reports on the synthesis of N-nitroso bile acid duodeno-esophageal reflux act synergically in the development of esophagitis, Barrett's esophagus and dysplasia in conjugates have mentioned the formation of nitrite esters besides N-nitroso amides. These bile acid nitrites could serve Barrett's esophagus (8, 9) . Acid reflux alone or with exogenous carcinogen does not induce esophageal adenocarcinoma in the as an additional marker of nitrosation reactions. However, a prominent role of nitrites in this animal model can be excluded rat model (12, 14) . Chemical analysis using the most sensitive methods and based on the mass chromatogram shown in Figure 3 . No molecular ions of N-nitroso amides or any isobaric monobiological testing for genotoxicity failed to show the presence of nitroso bile acids, so carcinogenesis in this model is unlikely nitrite esters derived from GCA and TCA were identified.
The nitroso compounds of TCA and GCA have been shown to be mediated by nitroso bile acids or related nitrosation products. There is strong evidence that chronic inflammation to be genotoxic in in vitro tests (23), so the lack of genotoxicity 19. Xu,X., LoCicero,J., Macri,E., Loda,M. and Ellis,F.H.J. (2000) Barrett's is the main mechanism for foregut carcinogenesis by duodenoesophagus and associated adenocarcinoma in a mouse surgical model. 
